The Divided Wall Column (DWC) can be a good optional to separate the final products since it can reduce around 30% energy costs comparing to traditional distillation columns. In this paper, we will design a DWC for methanol distillation in which the ultra-high pure methanol (product impurities <10 ppm wt%) will be produced. Through the simulation models built in Aspen HYSYS, three type columns: Side-Draw Column (SDC), Direct Sequence (DS) and DWC are compared. The feasibility of the DWC for the methanol separation is analyzed.
Introduction
The worldwide energy consumption increases permanently and process industries like refineries and chemical plants have a great contribution in energy consumption. Most energy is consumed by separation and purification processes among which distillation is the most used one. Distillation columns take almost 3% of the total worldwide energy consumption and 40% of total energy consumption of a plant in the oil and gas industry [1] .
The Divided Wall Column (DWC) was introduced to industries in 1949 [2] . A DWC typically can cut capital and energy costs by approximately 30% compared to a traditional Direct Sequence (DS) column [3] [4] [5] . The development of more energy efficient distillation methods and equipment could therefore achieve a great impact on the worldwide energy consumption. The DWC can aslo be used in extractive distillations [6] and reactive distillation [7] . Compare to classic distillation design arrangements, the DWC offer several important benefits [4, [8] [9] [10] :
o High thermodynamic efficiency due to reduced remixing effects o Lower energy requirements o High purity for all three or more product streams o Small footprint and low investment o Reduced maintenance costs
The initial steps of designing DWCs are very similar to conventional column. Like, determining the operating pressure or selecting a thermodynamic VLE model. However the DWC does have more degrees of freedom. Therefore more parameters have to be determined.
In this paper, the feasibility of DWC for a high methanol purity distillation is tested through HYSYS simulation models. A crude methanol stream, containing 78.81 wt% methanol, 600 ppm ethanol and 21.13 wt% water, with mass flow rate of 132.5 ton/hr at 86.7 o C can be purified into federal AA grade methanol by implementing a dividing wall into an industrial validated Side-Draw Column simulation model with 88 trays in total. All product specifications are also listed in Table 1 . The energy costs from the DWC are compared to the two traditional distillation columns: SDC and DSC.
Table 1 Methanol distillation nominal operating conditions
The paper is organised as follows: in Section 2, the model specifications are introduced; it follows a detailed discussion about modelling; then the results are presented in Section 3; finally, conclusions and recommendation are provided.
Column Configurations
The paper is to compare three simulation models. To be able to compare these, the conditions and specifications must be kept as similar as possible. An important factor is the number of trays in the distillation column. It is assumed that in each tray the vapour and liquid phases are in equilibrium to each other. So the number of stages can be considered equal to the number of equilibrium stages. All models (Divided Wall Column, Side-Draw Column and Direct Sequence) are simulated with a total number of 88 trays. The side-draw position of SDC and DWC model is identical at the 78th tray from the top.
The properties of the compared simulation models are presented in this section, with an emphasis on DWC wall position and liquid split ratio. The models of high purity and high recovery distillation are created by using the commercial simulation software packages Aspen HYSYS V8. The Vapour Liquid Equilibrium (VLE) in the distillation column is described by an activity coefficient approach with a property package using the Wilson model.
Side-draw column
Side-Draw Columns (SDCs) can be found in separation processes of any nonazeotropic multicomponent mixtures. Figure 1 shows the Side-Draw Column and specific tray number where the side stream is drawn from. This position below the feed point location was chosen to achieve the high fractional recovery and high purity of the light key component.
Figure 1: Distillation column with a side draw
To achieve the minimal amount of required energy the optimal side draw flow rate and position, so that the primary and secondary separation (above and respectively below the feed point location) are balanced, must be found. This optimization study was carried out by Michael et. al. [11] .
Direct Sequence column
In the first column (C-1) of the Direct Sequence (DS), the light compound methanol is separated into the Distillate D1 from the rest of the mixture. With the second column (C-2) the binary mixture of ethanol and water is separated. In Figure 2 , an overview of the DS model is given. Both columns are modelled to achieve the product specifications by using in total only 88 trays. The first column is modelled with 67 trays in total and the feed enters the column at the 46th tray. Second column consist out of 21 trays and bottom stream B1 enters it at the 2nd tray from the top. 
Divided Wall Column simulation model
In Figure 3 , the lumped model structure of Divided Wall Column (DWC) is shown. It shows how the internal streams and distribution of the trays in each section (I-IV) are implemented. By modelling like this the radius of operation is sufficient high enough and even allows to model with different amounts of trays in section II and section III. The liquid split ratio can be controlled by the tee 'TEE-LIQ-I' above the wall. The top diagram in Figure 4 shows the determination of the wall height (configuration A-I)). A constant 26 trays long wall is lowered and the product impurities are observed. By lowering the wall the distillate impurity declines steadily but at a certain point, when the wall is too low, the bottom impurity increases drastically.
The bottom diagram in Figure 4 shows the results of the conducted wall length test (configuration I-VIII). The wall has to be a certain number of trays long so that the product streams are not contaminated. If the wall is too short the distillate impurity rises and if the wall is too long both product streams get contaminated.
Since the contamination limit of each product is 10 ppm an optimal wall configuration in terms of length and height has been found. The wall ranges over 26 Trays and starts on tray number 54th tray from the top. Table 2 lists the final design of the DWC based on the results in Figure  4 . 
.Liquid split ratio and feed vapour fraction
The feed is added to the system on one side of the wall and the side stream is taken from the other side of the wall. The vapour split ratio cannot be adjusted directly during operation. It is fixed by the position of the wall. If vapour channels to one side of the walled section the separation performance is affected significantly. In this section two methods to prevent vapour from channelling are presented and compared to each other. Both methods are used to design the column such that an equal vapour split into the two sections II and III is defined. Besides an equal vapour split theoretically there are also other distributions possible.
A. Feed vapour fraction as control variable
The feed can be pre-vaporized so that the vapour splits up equally while the liquid split ratio above the wall is fixed to 50%. For the pre-treatment of the feed a preheater has to be implemented. Additionally to overcome the pressure resistance of the preheater and to achieve the desired feed pressure a pump has been implemented. With a preheater different feed vapour compositions can be realised and enables directly adjustment during operation with a fixed liquid split configuration. Each feed vapour fraction requires a specific liquid split configuration to achieve an almost equal vapour split below the wall.
B. Liquid split ratio as control variable
The vapour split can also be equalised by only adjusting the liquid split ratio above the wall. No feed pre-treatment is necessary, but a controllable liquid split module has to be implemented into the column. The energy consumption of the DWC model at different feed vapour compositions is shown in Figure 5 . The total energy consumption is the sum of energy consumption of preheater and column reboiler. The liquid split ratio has been adjusted for each feed vapour composition to achieve an equal vapour split below the wall. The reboiler duty and liquid split have been adjusted to achieve all column specification (compare Table 1 ) with lowest energy consumption. To achieve the lowest energy consumption no pre-treatment setup is necessary and the operating point can be seen in the left side in Figure 5 with no vapour portion in feed. 
Results
In the following chapter the results of the simulation models of a high purity and high recovery methanol distillation columns are compared to each other, with emphasis on process parameters, specifications, throughput, energy consumption and composition column profiles.
Simulation models with 600ppm ethanol in feed
At first the simulation models of Direct Sequence (DS) column separation, Side-Draw Column (SDC) and Divided Wall Column (DWC) are compared, when the feed mixture contains 600 ppm of ethanol. Later in this chapter the ethanol feed concentration is increased and also the minimum energy demand of DWC is determined.
In Table 3 , the results of the different simulation models are given. All product streams are almost of identical composition. The main noticeable differences are the reflux ratio and energy consumption. The reflux ratio of the DWC is with a value of 1.67 the best of all three models. The energy consumption of the SDC model is 5.36% better in energy consumption than the DS. The energy consumption of DWC is reduced by 8.33% to achieve the same product specifications. Also noticeable is that the side-draw tray of SDC and DWC are the same.
Only the feed tray in the DWC model has to be lowered by 12 trays.
Trend of energy demand
The energy demand in of DWC model with 600 ppm feed ethanol is only 8.34% better than the DS model and 3.21% better than the SDC. Recent developments of processes with dividing wall show considerable energy saving, up to 30-40\%, compared to conventional column arrangements [1, 4] . To increase the advantages of the DWC energy demand towards DS configuration it is assumed that 600 ppm ethanol in feed is too small.
In this section, the trend of energy demand and mass fraction profiles are observed when ethanol feed concentration increases. The ethanol mass fraction is increased up to a factor of 20 compared to the original feed mass fraction. During this observation the impurity in the distillate is held at 7.3 ppm and all construction parameters like position of feed, side-draw, wall position and total number of trays are constant. Due to mass balance and the specification that the methanol recovery should be constant at 99.50%, the distillate and side-draw flow rate changes linearly while increasing the ethanol mass feed fraction. In Figure 6 , the energy consumption of DS, SDC and DWC are plotted against the ethanol mass fraction in feed. The energy demands are increasing steadily whereas the increase is more significantly with small amounts of ethanol in the feed. The energy consumption trend of all model are very similar in terms of slope. The main difference is that SDC and DWC need less energy to achieve the product specifications at any ethanol feed mass fraction. The reason for the benefit of DWC model could be of constructive nature. The dividing wall is placed so that back-mixing effects are reduced and therefore the column is thermodynamically more efficient. Compared to the SDC simulation model the benefit of the DWC simulation model is more significant with higher ethanol feed concentrations. With 600 ppm feed ethanol the DWC model is 3.21% better than the SDC model. With increasing feed ethanol up to 12000 ppm (=1.2 wt%) the energy consumption gets up to 5.73% better than the SDC model.
Conclusions
The position of the dividing wall has been optimized to a length of 26 trays, starting at the 54th tray from the top. The side-draw position of Side-Draw Column and Divided Wall Column model is identical at the 78th tray from the top. The feed position of Divided Wall Column is lowered by 12 trays to tray 67 from the top. With this particular wall configuration the product specifications are achieved.
The presented Divided Wall Column simulation model achieves with a total energy consumption of 82.9 MW a benefit of 3.12% compared to the equivalent Side-Draw Column with identical specifications.
